Objective. To assess whether abatacept as initial biological DMARD (bDMARD) in the treatment of RA, when compared with other bDMARDs, is associated with an increased risk of cancer overall and by specific cancer sites (breast, lung, lymphoma, melanoma and non-melanoma skin cancer).
Introduction
Biologic DMARDs (bDMARDs) approved in the treatment of RA are known to induce partial immune incompetence and have been suspected to be associated with increased risks of cancers. However, the bulk of the evidence concerning anti-TNF-a bDMARDs to date remains reassuring. Abatacept, a cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)-fusion protein that blocks T cell activation, has a distinct mechanism of action [1] . Therefore, abatacept could be associated with a different risk profile compared with other bDMARDs [2] .
Among bDMARDs, most studies have assessed the risk of cancer associated with TNF-a inhibitors, suggesting that, compared with conventional synthetic DMARDs (csDMARDs), TNF-a inhibitors do not increase the risk of cancers in general, but may slightly increase the risk of skin cancer [melanoma or non-melanoma skin cancer (NMSC)] [36] . In contrast, there are very few data on the safety of abatacept, particularly in first-line utilization. Recently, a potential signal was reported for a higher risk of NMSC with abatacept compared with other bDMARDs [79] . However, one study showed evidence that physicians are prescribing abatacept to patients who are older, and have longer disease duration and more comorbid conditions [10] . This suggests that prescribers perceive a more favourable safety profile of abatacept in first line, thereby possibly channelling their use to populations at risk for cancers. Moreover, while the initiation of bDMARDs such as abatacept is usually combined with a csDMARD, primarily MTX, some patients with RA may receive bDMARDs as monotherapy, mainly because of MTX intolerance or noncompliance. While meta-analyses suggest that bDMARDs as monotherapy have generally similar efficacy as in combination with a csDMARD such as MTX, there are no data on the comparative safety of these two regimens [11] .
We assessed whether abatacept, when used as the initial bDMARD for RA, is associated with an increased risk of overall cancer and of specific cancers, including breast, lung, lymphoma, melanoma and NMSC, compared with other bDMARDs. We also assessed whether the combination of bDMARDs and MTX is associated with an increased risk of cancer, compared with bDMARDs monotherapy.
Methods

Data source
We performed a population-based cohort study using the Truven Health MarketScan Commercial and Supplemental Medicare US databases [12] . The Truven MarketScan Commercial database is a US administrative claims database with patient information dating back to 2006 [12] . The database provides detailed information on >70 million privately insured patients <65 years of age, from >150 employers and 20 health plans. The MarketScan Medicare Supplemental database covers patients >65 years of age receiving Medicare coverage in the USA. This database records data on approximately 6 million patients, including demographics, drug information and enrolment information dating back to 2006. The study protocol was approved by the Research Ethics Board of the Jewish General Hospital, Montré al, Canada.
Study population
The base cohort consisted of all new users of a bDMARD, including abatacept, on or after 1 January 2007, through 31 December 2014. Thus, all patients with at least one prescription for a bDMARD aged 18 years or older on the date of the first bDMARD prescription (cohort entry date) were considered. New users were defined by no prior prescription of bDMARD during the 6 months before cohort entry. To be included in the cohort, patients were required to have been enroled in the database for at least 6 months before cohort entry. They were also required to have at least two inpatient or outpatient RA diagnostic codes (International Classification of Diseases, Ninth revision: 714.xx) at any time prior to and including the cohort entry date, or within 6 months after this date. This criterion for RA is based on MacLean's positive predictive value of an administrative data-based algorithm for the identification of patients with RA [13] . We excluded patients with history of any cancer (including NMSC) in the 6 months before cohort entry, as well as patients with <6 months of follow-up after cohort entry. The latter was necessary for latency purposes as short duration exposures are unlikely to be associated with cancer. As the risk of cancer is also expected to be latent and continue beyond the period of exposure, follow-up started 6 months after cohort entry until a cancer diagnosis, end of enrolment in the database or end of data collection (31 December 2014), whichever occurred first, irrespective of whether there was a subsequent switch to another bDMARD.
Exposure definition
Exposure to abatacept and other bDMARDs (listed in supplementary Table S1 , available at Rheumatology online) was defined from dispensed prescriptions. Treatments were identified using the National Drug Code for dispensed medications and procedure codes for injection or infusion. Patients were considered exposed to the first bDMARD prescribed at cohort entry until the end of follow-up, irrespective of whether there was a subsequent switch to another bDMARD (analogous to an intention-totreat approach). For the primary objective, initiators of abatacept were compared with initiators of other bDMARDs. For the secondary objective, initiators of bDMARDs (including abatacept) concomitantly using MTX were compared with initiators of bDMARDs as monotherapy (including abatacept).
Outcomes
The primary outcome of interest was overall cancer. Outcome events of cancers were identified using International Classification of Diseases, Ninth revision diagnosis codes (supplementary Table S2 , available at Rheumatology online). We also performed separate analyses for cancers of particular interest, namely breast cancer, lung cancer, lymphoma, melanoma and NMSC.
Statistical analysis
Descriptive statistics were used to compare baseline characteristics between patients initially prescribed abatacept vs other bDMARDs, as well as to compare bDMARDs with or without MTX. Overall rates of cancer were estimated using Poisson distribution by counting events and person-time of follow-up.
To control for potential confounding, we used multivariate logistic regression to estimate propensity scores of being exposed to abatacept vs other bDMARDs conditional on baseline covariates measured in the 6 months before cohort entry. Table S1 , available at Rheumatology online), parenteral antibiotics, oral and parenteral corticosteroids, and NSAIDs]. The propensity score distributions were then trimmed to include only patients with overlapping distributions.
For the primary objective, Cox proportional hazards regression models were used to estimate hazard ratios (HRs) with 95% CIs of cancer overall and specific cancers associated with initiation of abatacept, compared with initiation of other bDMARDs, adjusted for deciles of the propensity score and age. An intention-to-treat approach was used, based on the bDMARD prescription at cohort entry as the exposure definition. A latency period of 6 months was applied whereby any patient with an outcome event occurring during the first 6 months after the initiation of exposure was not included in the analysis. For the secondary objective, the same approach was used to compare all users of a bDMARD as add-on therapy to MTX with those similar patients using a bDMARD as monotherapy with respect to the incidence of all outcome events.
Sensitivity analyses
We conducted several sensitivity analyses to assess the robustness of our results. First, the baseline period of 6 months used to define new use and to measure the covariates was extended to 1 year. Second, the effect of the 6-month latency period was assessed by considering no latency, a 1-year latency and a 2-year latency period. Third, we used a definition requiring one inpatient cancer diagnostic code or two outpatient diagnostic codes to identify cancer, in which case, the date of the second diagnostic code was taken as the date of the event. Fourth, the comparator group was restricted to TNF-a inhibitors, namely infliximab, etanercept, adalimumab, certolizumab pegol and golimumab. Fifth, we excluded patients with a diagnosis of cancer at any time prior to cohort entry. Sixth, to estimate the potential effect of a switch from the first bDMARD to another bDMARD during follow-up, we repeated the primary analysis using a time-dependent exposure definition. Specifically, patients were considered exposed to the bDMARD prescribed at cohort entry (abatacept or other bDMARD) up until 6 months after the first switch (from abatacept to another bDMARD or from another bDMARD to abatacept), and were considered exposed to the latter until the end of follow-up (in a separate category). Seventh, we repeated the main analysis after matching each abatacept user to one bDMARD user on the propensity score. Finally, we performed stratified analyses by the source database, namely the commercial claims and Medicare Supplemental.
Statistical analyses were conducted using SAS, Version 9.2 (SAS institute, Inc., Cary, NC, USA) and R (R Foundation for Statistical Computing, Vienna, Austria; http://www.Rproject.org/).
Results
The base cohort included 84 453 new users of a bDMARD anytime between 2007 and 2014 ( Fig. 1) . After applying all inclusion and exclusion criteria, the study cohort included 64 188 patients (4328 on abatacept vs 59 860 on other bDMARDs). For the secondary objective, the study cohort included 2426 patients initiating bDMARD with MTX and 61 092 patients initiating bDMARD as monotherapy (supplementary Fig. S1 , available at Rheumatology online).
Baseline characteristics differed between initiators of abatacept and initiators of other bDMARDs. Abatacept initiators were older, more frequently women and had more comorbidities (except for other autoimmune diseases) than the initiators of other bDMARDs (Table 1) . However, fewer abatacept initiators were on MTX and NSAIDs at baseline. At cohort entry, other bDMARDs were mainly etanercept (40.8%), adalimumab (31.8%) and infliximab (13.9%). Initiators of bDMARD with MTX had fewer other autoimmune diseases than initiators of bDMARDs without MTX, but were more likely to have used MTX during the 180-day baseline period (supplementary Table S3 , available at Rheumatology online). After cohort entry, 1046 patients (24%) switched from abatacept to another bDMARD, and 3730 patients (6%) switched from another bDMARD to abatacept.
After allowing for the 6-month latency period, 409 patients were diagnosed with cancer among the 4328 patients on abatacept (incidence rate: 4.76 per 100 per year). In comparison, 4197 patients were diagnosed with cancer among the 59 860 on other bDMARDs (incidence rate: 3.41 per 100 per year). The adjusted HR (95% CI) of any cancer associated with abatacept use was 1.17 (1.06, 1.30) relative to other bDMARDs (Table 2 ). According to the Kaplan-Meier curve, there was no peak of increase early or late after initiation of abatacept (supplementary Fig. S2 , available at Rheumatology online). The adjusted HR (95% CI) of any cancer, excluding NMSC, was 1.16 (1.01, 1.33). Analyses of specific cancer sites of interest showed a significant increased risk of NMSC (HR 1.20; 95% CI 1.03, 1.39). The HRs for the other specific cancer sites of interest generally showed a similar trend, although their CIs were wide and included unity. In particular, there was a trend towards an increased risk of breast cancer not reaching statistical significance (HR 1.25; 95% CI 0.94, 1.66). The results of the sensitivity analyses yielded findings consistent with those of the main analyses regarding the risk of cancer overall (Fig. 2) . The stricter outcome definition (requiring two outpatient or one inpatient cancer diagnostic) generated HR that excluded the null (HR 1.26; 95% CI 1.13, 1.42). Compared with the use of TNF-a inhibitors only, use of abatacept was associated with a significant increase in the HR of cancer overall (HR 1.19; 95% CI 1.07, 1.32). Finally, when we considered switching between bDMARDs, the HR of any cancer remained significant (HR 1.13; 95% CI 1.01, 1.27).
There were 176 patients with any cancer among the 2426 patients who initiated a bDMARD with MTX (incidence rate: 3.15 per 100 per year) and 4383 others among the 61 092 who initiated on bDMARD monotherapy (incidence rate: 3.49 per 100 per year). The adjusted HR of any cancer associated with the combination of bDMARD and MTX was 0.96 (95% CI 0.82, 1.11) relative to bDMARDs monotherapy ( Table 3 ). The HRs for the specific cancer sites of interest showed a similar trend. The sensitivity analyses led to generally consistent results (Fig. 3) .
Discussion
In this real-world cohort study of close to 64 000 patients with RA, patients initiating treatment with abatacept had a statistically significant 17% increased risk of overall cancer, compared with patients initiating treatment with other bDMARDs. There were no statistically significant differences for the specific cancers of interest (breast, lung, lymphoma and melanoma), with the exception of NMSC. Our findings for abatacept and cancer risk remained consistent in sensitivity analyses. The risks of cancer among the combination of a bDMARD and MTX were not elevated compared to those with bDMARD monotherapy. While these rates are suggestive of small increases in risk, they must be put into context with the limitations of real-world studies in order to understand their clinical significance.
To date, the three studies that evaluated the risk of cancer between bDMARDs when used as first-line treatment of RA did not find an increase in risk [9, 14, 15] . Cohort studies from Finland [14] and France [15] compared rituximab with TNF-a inhibitors, but were based on a small number of patients exposed to rituximab, 438 and 186 patients, respectively. The third study was a large prospective cohort study of the public health care system in Sweden that compared new users of non-TNF-a inhibitor bDMARDs (abatacept n = 2021, tocilizumab n = 1798 and rituximab n = 3586) and new users of TNF-a inhibitors (n = 15 129) [9] . In this study, abatacept was not associated with a significant increase in the risk of a first invasive solid or haematologic malignant neoplasm (excluding NMSC) compared with TNF-a inhibitors (HR 1.10, 95% CI 0.82, 1.48). However, the cohort of patients exposed to abatacept was smaller than ours; most patients starting treatment with abatacept had previously been treated with TNF inhibitors (81%). Our findings are consistent with those of this latter study for any malignancy excluding NMSC.
With respect to the risk of clinically relevant specific cancers, we found no association between abatacept use and the risk for breast cancer, lung cancer, lymphoma and melanoma. Since analyses for these specific cancer sites could be underpowered, further investigations are needed, especially for breast cancer where a numerical imbalance was found. A 20% increased risk of NMSC was observed, which is consistent with several previous observational studies. A first signal was found in a US registry for abatacept compared with csDMARDs for NMSC, but this signal was only based on two cases [8] . The Swedish study showed a higher risk of NMSC (HR 2.12; CI 95% 1.14, 3.95) [9] in abatacept users compared with TNF-a inhibitors [9] . Also, in a retrospective cohort study using Medicare data, patients treated with a combination of abatacept and MTX had a higher risk of NMSC recurrence compared with those receiving MTX monotherapy, although the increase was not statistically significant [7] . Finally, some cases of NMSC were also reported in clinical trials and in post-marketing studies [1618] .
CTLA-4 is an inhibitory molecule that plays a central role in down-regulating T cell activation. This provides the rationale for abatacept, a CTLA-4 analogue, in the treatment of autoimmune and inflammatory diseases. The role of CTLA-4 in cancer biology is more complex and includes weakened anti-tumour response and tumour progression [19] , although there are conflicting data and the clinical significance remains uncertain [20] . Nevertheless, although we cannot rule out residual confounding from, for example, exposure to other immunosuppressant medications that could also contribute to cancer risk, the findings of this study are consistent with a possible role of CTLA-4 in allowing tumours to evade immune surveillance. While these findings require replication, it may be prudent to carefully monitor patients exposed to abatacept for NMSC, ensuring this is consistent with the package insert or prescribing recommendations.
Our study has several important strengths. First, our observational study is one of the largest studies to date on the risk of cancer in patients with RA initiating abatacept compared with patients initiating other bDMARDs. Second, we used relatively recent data to evaluate the risk of cancer in a population where abatacept is now frequently prescribed as first-line therapy. Third, this study involved a database that has been extensively used for pharmacoepidemiologic investigations, and previous studies indicate that these data are valid [21] . Fourth, we assessed the stability of our results in several sensitivity analyses, including various latency time-windows to explore the risk of cancer. Finally, with respect to exposure, we expect minimal misclassification bias since exposure was determined from dispensing records.
Despite the strengths of this study, our findings should be interpreted with consideration of its limitations. First, patients receiving abatacept anytime or as a first biologic still tend to be older and have more comorbid conditions. These data are limited in that clinical characteristics and severity of RA are not measurable. Second, although the MarketScan Database includes patients from the entire USA, it may not be entirely generalizable, since it contains patients more concentrated in the southern USA and a higher proportion of females. Moreover, patients with commercial insurance may not be representative of patients without insurance or those who receive government assistance (e.g. Medicaid) for medical care. Third, with respect to exposure, the 6-month baseline period may be too brief to confirm that the initiation of a bDMARD was truly based on the first ever bDMARD. However, the sensitivity analysis extending the baseline period to 1 year produced similar results. Fourth, this short baseline period may also be too brief to accurately identify whether all cancer cases were incident. In addition, older malignancies may not be recorded any longer and thus would not appear in the short baseline period. Fifth, with respect to the outcome measurement, identification of medical events is limited to data that are captured as part of the medical record or claims, and events were not linked to histopathologic findings. However, the sensitivity analysis defining a cancer by two separate diagnoses (or one inpatient cancer diagnostic) produced similar results. Sixth, while the cohort follow-up extended up to 8 years, the mean follow-up was only 2.1 years, which could https://academic.oup.com/rheumatology underestimate the risk of adverse drug reactions such as cancers. Finally, despite the use of propensity score to balance the two comparison groups, these methods cannot eliminate residual confounding from unmeasured factors. Thus, there is the possibility that the results remain affected by unmeasured confounders, including smoking, sun exposure, obesity and alcohol consumption. However, we used several variables which could be considered as proxies, such as chronic obstructive pulmonary disease for smoking.
In our study conducted in a real-world US claims database, abatacept initiation in RA was associated with a slight increased risk of cancer overall relative to other bDMARDs. The increase was mainly for NMSC, with no significant increase for the other specific cancer sites. Add-on MTX on bDMARDs was not associated with a higher risk of cancer compared with a bDMARD monotherapy. Our results warrant replication in further large population-based studies. In the meantime, it may be prudent to carefully monitor patients exposed to abatacept for NMSC. The sponsors were not involved in the conduct of the study. Bristol-Myers Squibb reviewed and approved the manuscript before its submission. The authors had ultimate control over the decision to publish and the final version of the manuscript submitted for publication. S.S. acts as guarantor of this manuscript.
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